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IHZQDQRVHFRQGVLQ*D1ZKLFKUDLVHVWKHSRVVLELOLW\RIDSSOLFDWLRQVRIFRQILQHGHOHFWURQLFVWDWHVWRVSLQPHPRU\
DQGPDQLSXODWLRQ
7KHPDMRU FKDOOHQJH IRU VSLQWURQLFVGHYLFHV LV LQ WHUPVRIPDWHULDOVZKLFKPXVW VKRZ&XULH WHPSHUDWXUH DW RU
DERYH URRP WHPSHUDWXUH ZLWK EHWWHU KRPRJHQHLW\ RI PDJQHWLF HOHPHQW LQ WKH EXON KRVW PDWUL[ RU LQ WKLQ ILOP
7KHRUHWLFDO SUHGLFWLRQ GRQH E\ 'LHWO HW DO  EDVHG RQ =HQHU PRGHO VXJJHVWV WKDW =Q2 KDV KLJK &XULH
WHPSHUDWXUHVDERYH57IRURI0Q±VXEVWLWXWLRQDWWKH=Q±VLWHDQGWKHKROHFRQFHQWUDWLRQFDQEHUDLVHGXSWR
î  SHU FP ZKLFK DOORZV PDNLQJ WUDQVSDUHQW PDJQHW IRU DSSOLFDWLRQ LQ RSWRHOHFWURQLF GHYLFHV ZLWKLQ VKRUW
ZDYHOHQJWKUDQJHSRVVLEOH ,QGHHGPDQ\UHVHDUFKHUVVXFKDV6KDUPDHWDO KDGVKRZQ KLJK WHPSHUDWXUHRU
URRP WHPSHUDWXUH )0 LQ ERWK EXON DQG WKLQ ILOP RI0Q±GRSHG=Q2 VDPSOHV+RZHYHU WKHPDMRU LVVXHZLWK WKH
6KDUPD HW DO  UHVXOW ZDV WKH V\QWKHVLV SURFHVV EHFDXVH WKH REVHUYHG IHUURPDJQHWLVP LQ WKH VDPSOHV ZDV
PDLQO\IURPLPSXULW\SKDVHDV ODWHU UHSRUWHG.XQGDOL\DHWDO7KH)0LQ=Q2LVH[WUHPHO\VHQVLWLYHWRWKH




7KH 6U=Q2 FU\VWDO VWUXFWXUH ZDV GLVFRYHUHG *HUPDQ VFLHQWLVW LQ  E\ 6FKQHULQJ DQG +RSSH 7KH
RUWKRUKRPELF3QPDFU\VWDOVWUXFWXUHRI6U=Q2 LVVKRZQLQ)LJ$ZDYHGOD\HU IRUPHGE\=Q2 WHWUDKHGURQV
VKDUHHGJHVZLWKHDFKRWKHU(DFK6UDWRPLVHQFORVHGE\VHYHQR[\JHQDWRPDQGSODFHGDWWKHFDYLW\EHWZHHQWKH




ILUHGIURP± q&ZLWKLQWHUPHGLDWHJULQGLQJ5LJDNX GLIIUDFWRPHWHUZLWK&X.Į ZHUHXVHGWRFROOHFWSRZGHU
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 5HVXOWVDQGGLVFXVVLRQ
6U=Q2 VDPSOHVZHUH V\QWKHVL]HGE\PL[LQJ WKH VWRLFKLRPHWULF DPRXQWRI6U&2=Q2 DQG0Q&27KHPL[HG






7DEOH&U\VWDOORJUDSKLFFRRUGLQDWHVRI6U=Q2 ZLWKRUWKRUKRPELFVWUXFWXUHRIVSDFHJURXS 3QPD ZLWKODWWLFHSDUDPHWHUVDUHD cE 
cDQGF c
$WRP :\FN ; < = 62)
6U F    
=Q F    
2 F    
2 F    
,QRUGHUWRLQYHVWLJDWHWKHPDJQHWLFSURSHUW\RI6U=Q2ZHVXEVWLWXWH0Q DW=Q VLWHZLWKFRQFHQWUDWLRQ
)LJDVKRZVWKHPDJQHWL]DWLRQYVPDJQHWLFILHOGFXUYHIRUSXUH6U=Q2 DQG0Q GRSHG6U=Q2 DW.%ODFN
RSHQUHFWDQJXODUEORFNUHSUHVHQWVSXUH6U=Q2 VKRZVDGLDPDJQHWLFLQQDWXUHDQGYHU\FORVHWRWKHRUHWLFDOYDOXHRI
6U=Q2 GLDPDJQHWLFVXVFHSWLELOLW\Ȥ6U=Q2  î± FPPROH7KLVJLYHDFOHDUHYLGHQFHRIYHU\ORZDPRXQWRI
R[\JHQGHIHFWH[LVWLQSXUH6U=Q2 EHFDXVHDWYHU\ORZPDJQHWLFILHOGZHREVHUYHVOLJKWFXUYDWXUHLQ0YV+FXUYH
5HG RSHQ WULDQJOH UHSUHVHQWV 0Q GRSHG 6U=Q2 ZLWK WKH SUHVHQFH RI URPDQFH PDJQHWL]DWLRQ DQG FRHUFLYLW\
PDJQHWLF ILHOGDUHî± P%0QDQG2HUHVSHFWLYHO\ZLWKVDWXUDWLRQPDJQHWL]DWLRQDVRIDERXW P%0Q
&RQWUDU\ WRHDUOLHUZRUNE\ .DQHHWDO RQ0QGRSHG=Q2 VLQJOHFU\VWDOZKHUHQRIHUURPDJQHWLFEHKDYLRU





DQG 2H UHVSHFWLYHO\ IURP . WR .ZKLFK LV VKRZQ LQ )LJ  )LJ D VKRZV VSOLWWLQJ DW . LQ GF
VXVFHSWLELOLW\GXULQJZLWKRXWPDJQHWLF ILHOGFRROLQJ >]HUR ILHOGFRROLQJ =)&@DQGGXULQJPDJQHWLF ILHOGFRROLQJ
>ILHOGFRROLQJ)&@ZLWK2HIRU0Q LRQ7KLVGUDVWLFFKDQJHLQ=)&DQG)&VXVFHSWLELOLW\DW.LVEHFDXVHRI
IHUURPDJQHWLFWUDQVLWLRQ Ȥ± YV7GDWDZDVILWWHGZLWK&XULH±:HLVV&:ODZIRUP.WR.ZKLFKDQGDVD
IXQFWLRQRI WHPSHUDWXUHIRU0Q±GRSHGVDPSOHVDW2H LVVKRZQLQ)LJ EVLQFH WKH LQYHUVHVXVFHSWLELOLW\
SORWVSURYLGHEHWWHULQIRUPDWLRQDERXWJURXQGVWDWH7KHILWWLQJSDUDPHWHUOLNH Ȥ& DQG șFZ IRU0Q±GRSHGVDPSOH
LV î  DQG ±. UHVSHFWLYHO\1HJDWLYH șFZ YDOXH LQGLFDWHV WKH SUHVHQFH RIZHHN DQWLIHUURPDJQHWLF
LQWHUDFWLRQVEHWZHHQWKHQHDUHVWQHLJKERXUVRI0Q LRQV+RZHYHUHYHQLQWKHDQWLIHUURPDJQHWLFFRXSOLQJV\VWHP
FOHDUK\VWHUHVLV ORRSFDQVWLOOEHREVHUYHG7KLVZDV H[SODLQHGE\ WKHDQWLSDUDOOHOEXWQRQSDUDOOHO FDQWHGDOLJQHG
VSLQVRIWKHPDJQHWLFGRSHGLRQV 'LDFRQXHWDO 
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)LJ 0DJQHWLFVXVFHSWLELOLW\YVWHPSHUDWXUHȤ YV7DQGLQYHUVHVXVFHSWLELOLW\YVWHPSHUDWXUHȤ± YV 7LVVKRZQLQDDQGEUHVSHFWLYHO\IRU
6U=Q0Q2)LHOGFRROLQYHUVHVXVFHSWLELOLW\ZDVPHDVXUHGDW2HDQGILWZLWK&XULH±:HLVVODZIURP ± .
&RQFOXVLRQ
,QFRQFOXVLRQZHKDYHV\QWKHVL]HGVLQJOHSKDVHSXUH6U=Q2 DQG0Q±GRSHG 6U=Q2 YLDVROLGVWDWHUHDFWLRQ0








'LDFRQX0 6FKPLGW++RFKPXWK+ /RUHQ]0 %HQQGRUI* 6SHPDQQ' 6HW]HU$ (VTXLQD]L 3 3|SSO$:HQFNVWHUQ+9
1LHOVHQ.:*URVV56FKPLG+0DGHU::DJQHU**UXQGPDQQ05RRP±WHPSHUDWXUHIHUURPDJQHWLF0Q±DOOR\HG=Q2




EXON=Q[0Q[2DQG=Q[&R[2VLQJOHFU\VWDO-RXUQDORI $SSOLHG 3K\VLFV ±







2KQR+ 0DNLQJ1RQPDJQHWLF6HPLFRQGXFWRUV)HUURPDJQHWLF6FLHQFH  ±
6FKQHULQJ9+*+RSSH5 'LH.ULVWDOOVWUXNWXUGHV6U=Q2 $QRUJ$OOJ&KHP(LQ]HOGDUVW± 
6KDUPD3 *XSWD$ 5DR.92ZHQV)-6KDUPD5$KXMD5*XLOOHQ-02-RKDQVVRQ%*HKULQJ*$  )HUURPDJQHWLVP
DERYHURRPWHPSHUDWXUHLQEXONDQGWUDQVSDUHQWWKLQILOPVRI0Q±GRSHG=Q2 1DWXUH0DWHULDOV ±





































933 M. R. Rahman et al. /  Procedia Materials Science  5 ( 2014 )  928 – 933 
6KLQGH 652JDOH6%6DUPD6'6LPSVRQ-5'UHZ+'/RIODQG6(/DQFL&%XEDQ-3%URZQLQJ1'.XONDUQL91
+LJJLQV-6KDUPD53*UHHQH5/9HQNDWHVDQ7 )HUURPDJQHWLVPLQODVHUGHSRVLWHGDQDWDVH7L[&R[2įILOPV 3K\VLFDO 5HYLHZ
%  ±
6RQRGD 6 6KLPL]X 6 6DVDNL 7<DPDPRWR< +RUL + 0ROHFXODU EHDP HSLWD[\ RI ZXUW]LWH 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1 ILOPV RQ VDSSKLUH 
VKRZLQJWKHIHUURPDJQHWLFEHKDYLRXUDWURRPWHPSHUDWXUH-RXUQDORI &U\VWDO *URZWK  ±
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